MISTRETTA, CHARLOTTE M. Permeability of tongue epithelium and its relation to taste. Am. J. Physiol. 220(5) : 1162-l 167. 197 1 .-The permeability of rat tongue epithelium was investigated to provide information on the accessibility of free lingual nerve endings to chemical stimuli. Permeability of rat belly skin was also studied. Dorsal tongue epithelium was removed after subepithelial injection of collagenase. Abdominal skin was removed by gross dissection. The epithelium was placed in a diffusion cell and radioactive penetrants were applied to the dorsal surface. Permeability coefficients of 13 nonelectrolytes were determined according to Fick's law. Methanol, ethanol, butanol, ethylene glycol, and propionamide penetrate the tongue and belly relatively rapidly; thiourea, acetamide, glycerol, sodium butyrate, fructose, glucose, and mannitol penetrate slowly. For the tongue and belly, an increase in penetration rate is related to an increase in the ether/water partition coefficient of the penetrant. Ethanol, a known stimulant of the trigeminal part of the lingual nerve, penetrates tongue epithelium rapidly. In general, though, tongue epithelium is as effective a barrier to chemical penetration as belly skin; the free endings of the lingual nerve are not readily accessible to chemicals. lingual nerve; skin permeability WHEN A CHEMICAL comes into contact with the anterior dorsal tongue surface there are two possible routes by which neural stimulation could occur: a) chemicals diffusing into taste pores can stimulate cells of the taste buds and elicit a chorda tympani response; b) by penetrating a certain depth of dorsal tongue epithelium chemicals can reach the free endings of the trigeminal part of the lingual nerve. The second route involves passage of chemicals through keratinized tissue.
To determine the accessibility of the free lingual nerve endings to chemical stimuli, the permeability of rat dorsal tongue epithelium was investigated. For comparative purposes permeability measurements were also made on clipped rat belly skin. There is evidence that indicates that the bare axons of the lingual nerve are not readily accessible to chemicals. The lingual nerve responds to only a few chemical stimulants (2, 11, 14) , and these few must be applied to the tongue in high concentrations in order to elicit a lingual nerve response. Also, the lingual nerve exhibits a long response latency, averaging 10 set for ethyl alcohol on the cat's tongue (11). Contrastingly, the chorda tympani nerve, which innervates taste buds on the anterior two-thirds of the rat tongue, responds to a wide variety of stimulants with a latency of only 45-55 msec (2). Biochemical Corporation, N.J.) (pH 7.4, 37 C) was injected under the dorsal surface of the rat's tongue, according to the method of Beidler (4). One-half hour after injection, the dorsal tongue epithelium with taste buds intact was easily stripped off. Only epithelium from the anterior two-thirds of the tongue was studied (Fig. 1) .
The area of tongue epithelium which was eventually clamped off for penetration measurements contained an average of four fungiform papillae or four taste buds. In Fig. 1  one fungiform papilla is seen to the left of the field. The taste bud is situated in the middle of the papilla. The layer of keratinized tissue over the fungiform papilla is about 5 p thick. This layer is broken by a taste pore at the center of the taste bud. The pore diameter is 5 1-1. The keratin layer over the filiform papillae (seen to the right of the fungiform) is 30-50 p thick.
Attempts to remove intact abdominal epidermis were not successful and so whole belly skin was used. To obtain rat abdominal skin, an area of the rat's belly was first clipped with an electric shaver until only very short hairs remained. A piece of skin about 1 cm2 was then removed with scissors. The underlying fat and connective tissue containing the blood vessels were dissected away under a binocular dissecting microscope (Fig. 2) . The integrity of the tissue was routinely checked by histological techniques. Sections of tongue epithelium were found to contain taste buds and an intact layer of basal cells (Fig. 1) A constant volume of 120 ~1 of radioactive penetrant was maintained on top of the epithelium. The penetrant was removed from the dermal side of the tissue by mammalian Ringer flowing beneath the epithelium at a rate of 1 ml/per ten minutes. One-ml samples were then collected every 10 min by means of a fraction collector. The temperature of the diffusion cell was maintained at 33 C by circulating water from a constant temperature bath through a separate chamber in the bottom of the cell.
The radioactivity, in counts per minute of the collected samples, was counted in a Packard liquid scintillation counter. All experiments were run for at least 3.5 hr; the average length of experiments was 6 hr. At least four experiments were run (two for belly skin, two for tongue epithelium) for every penetrant with the exception of mannitol (one experiment only, on tongue epithelium). The penetrants investigated and their concentrations are listed in Table  1 . All penetrants were diluted in distilled water with the exception of mannitol which was solubilized in ethanol.
These penetrants were chosen on the basis of Figure 3 is a typical curve for penetration of a nonelectrolyte through rat tongue epithelium or abdominal skin. The amount of substance penetrating the tissue plotted against time gives a straight line once a steady penetration rate has been reached.
The slope of the straight line is therefore the rate of penetration. By extrapolating from the straight-line portion of the curve to the abscissa, one obtains a delay time. The delay time is the amount of time which lapses before a steady rate of penetration is reached. Table 1 is a summary of the data. Permeability coefficients for both tongue epithelium and belly skin are presented. Table  2 presents a comparison of results for rabbit and rat skin. When the permeability coefficients for five chemicals are arranged in order of decreasing magnitude, the ranking is similar for both sets of data. The permeability curve for butanol on rat tongue epithelium is presented in Fig. 5 . The shape of the penetration curves for all three alcohols studied is markedly different from the typical curve presented in Fig. 3 . A break occurs in each of the alcohol curves between 90 and 120 min, after which the penetration rate decreases. Also, high variability was observed in measurements with the alcohols. This may be due to the fact that the alcohols are affecting the integrity of the tissue.
A correlation exists between the ether-water partition coefficients of the chemicals studied (6, 7) and the permeability constants. Figure  6 shows clearly that those com- pounds with a high coefficient penetrate the tongue most rapidly.
A greater scatter of the data is seen in Fig. 7 which plots the same relationship for rat belly skin. This scatter may be due to the greater variation in the thickness of the rat belly skin for different experiments.
DISCUSSION
During the course of a lifetime, the skin comes into contact with many insulting stimuli and, therefore, it must function as a barrier in order to protect deeper tissues. The lingual dorsum has a complex topography. Areas of light keratinization (the fungiform papillae) are interspersed with areas of heavy keratinization (the filiform), and where taste buds occur the keratin layer is interrupted by a pore. In contrast, the rat belly skin (Fig. 2) (7) with Chara cells. In Fig. 6 the relation between the ether/water partition coefficient of penetrants and the permeability coefficients is presented for rat tongue epithelium.
The same relationship is shown in Fig. 7 for rat belly skin. For both tissues the permeability increases with increasing ether/water partition coefficient. These data again emphasize the similarity between lingual epithelium and skin from other body areas as barriers to chemicals.
A/$ication of data on permeability of tongue epithelium to study of taste. Although it had been suggested that the taste response is related to permeability (lo), Beidler (3) 3) The heavily keratinized filiform papillae, which occupy by far the greatest area of the tongue surface, would seem to present the highest resistance to chemical penetration. 
